S eashore paspalum is a prostrategrowing, perennial turfgrass, indigenous to tropical and coastal areas . While hybrid bermudagrass is still the most commonly used turfgrass on golf courses and athletic fields in Hawaii, the use of seashore paspalum is increasing (L. Gilhuly, personal communication). It has been reported that over 44% of golf course renovation projects in Hawaii in 2007 were established to seashore paspalum (J.T. Brosnan and J.R. Hollyer, unpublished data). The increased use of seashore paspalum on golf courses and athletic fields in Hawaii is related to its stress tolerance. Research has reported that seashore paspalum exhibits an improved tolerance to various biotic stresses, including shade (Jiang et al., 2004) , variable soil pH , anaerobic soil conditions , drought (Carrow, 2005; Huang et al., 1997) , reduced nitrogen fertility , and salinity Lee et al., 2004; Marcum and Murdoch, 1990; Wiecko, 2003) compared with hybrid bermudagrass.
Traffic is an abiotic stress placed on all turfgrasses that imposes two forms of damage: wear and soil compaction (Carrow and Petrovic, 1992) . Wear injury is characterized by the physical injury (tearing) of leaf tissues, whereas soil compaction negatively alters soil physical properties, affecting root growth (Carrow and Petrovic, 1992) .
Researchers have found that certain growth characteristics affect seashore paspalum wear tolerance. Trenholm et al. (1999 Trenholm et al. ( , 2000 evaluated seashore paspalum wear tolerance and reported that cultivars with a fine leaf texture, increased shoot density, and increased vertical growth rate exhibited wear tolerance similar to 'Tifway' hybrid bermudagrass, a turfgrass commonly used on athletic fields and golf courses in warm-season climates for its superior traffic tolerance. New seashore paspalum cultivars such as 'Sea Isle 2000', 'Sea Isle 1', 'Sea Dwarf', and 'Salam' were not evaluated in the work of Trenholm et al. (1999 Trenholm et al. ( , 2000 . Lee et al. (2004) reported that new seashore paspalum cultivars such as Sea Isle 2000, Sea Isle 1, and Salam have significantly greater vertical growth rates than 'Tifway' hybrid bermudagrass, which suggests that these cultivars may offer improved wear tolerance, although wear tolerance was not directly evaluated in that study.
Currently, no research data exists on the traffic tolerance of seashore paspalum. Therefore, the objective of this research was to assess the traffic tolerance of four newly released seashore paspalum cultivars and 'Tifway' hybrid bermudagrass. (McCarty and Miller, 2002) . Stolons were spread across the surface of each plot by hand and were topdressed (%1/8 to 1/4 inch deep) with hydromulch (NaturesOwn High Density Paper Hydroseeding Mulch; Hamilton Manufacturing, Twin Falls, ID) and tackifier (NaturesOwn C:tac, Hamilton Manufacturing). Stolonized plots achieved 100% turfgrass cover on 27 Nov. 2007. All other cultivars in this study were established from sod; after installation, sod seams were filled with silica sand topdressing that conformed to U.S. Golf Association (USGA) particle size specifications (USGA, 2007) and were rolled by hand with a 165-lb roller.
Materials and methods

P L O T E S T A B L I S H M E N T
Plots were maintained at a 1.5-inch height of cut with a walk-behind reel mower (model H20R; Tru-Cut, Gardena, CA). Plots were mowed twice weekly and clippings were removed. Plots were fertilized monthly with a quick-release nitrogen source (10.0N-1.8P-13.3K) at a rate of 43.4 lb/acre N and were irrigated with potable water (City and County of Honolulu, Honolulu, HI) using an in-ground sprinkler system, on an asneeded basis, to prevent the onset of moisture stress. Plots were vertically mowed to remove excess organic debris (thatch) from the soil-turfgrass interface on 21 Feb. 2008. All plots received two passes with a vertical mower (model 1321; AeroKing, Jacobsen, Charlotte, NC) set to a 1/ 2-inch depth. Debris brought to the surface was removed by hand. After vertical mowing was complete, a light (%1/8 inch) layer of silica sand topdressing was applied to each plot. Silica sand topdressing conformed to USGA particle size specifications (USGA, 2007) .
TREATMENTS EVALUATED. Plots were split with varying levels of simulated traffic. Simulated traffic was applied with a Cady Traffic Simulator (CTS) developed according to the methods of Henderson et al. (2005) . The CTS is a modified, walk-behind, core-cultivation unit (model 544872, Greensaire 24; Ryan) fitted with fabricated ''feet'' that are attached to the core heads instead of coring tines. These feet alternately strike the turfgrass surface as the machine moves to simulate the dynamic forces characteristic of traffic stress. Two passes with the CTS creates the same number of cleat marks per square meter that one National Football League (NFL) game would produce between the hashmarks at the 40-yard line (Henderson et al., 2005) . Researchers (Calhoun et al., 2002; Vanini et al., 2007) have found that the CTS produces more intense traffic than the Brinkman Traffic Simulator (BTS), developed by Cockerham and Brinkman (1989) , due to differences in cleat surface area between the two devices (Henderson et al., 2005) . Two levels of traffic were evaluated in this study: no traffic and high traffic (18 passes per week with the CTS). Traffic treatments were initiated on 18 Mar. 2008 and concluded on 22 Apr. 2008 after a total of 90 passes (45 games) had been applied with the CTS.
DATA COLLECTED. Traffic tolerance was assessed visually by estimating the percentage of turfgrass cover on each plot (Minner et al., 1993) . Visual turfgrass cover ratings were made weekly from 18 March to 22 Apr. 2008 after 36, 54, 72, and 90 passes (18, 27, 36 , and 45 simulated professional football games) had been applied with the CTS.
Shoot density was measured by counting shoots from four 2.4-inchdiameter plugs removed from each whole plot (10 · 8 ft) on 11 Mar. 2008 before the initiation of traffic treatments. The top portion of each plug was removed with a knife at crown level and the number of upright shoots were counted and recorded. Other researchers (Kopec et al., 2007) have used this method to assess the shoot density of various seashore paspalum cultivars.
Surface hardness was measured using a Clegg Soil Impact Tester (CIST; Lafayette Instrument, Lafayette, IN) to assess the effects of traffic treatments on soil physical properties. Increases in surface hardness have been associated with increases in soil compaction common during traffic stress (Henderson et al., 1990; Rogers et al., 1988; Zebarth and Sheard, 1985) . The CIST used in this study was equipped with a 2.25-kg missile that was dropped from a height of 440 mm (American Society for Testing Materials, 2000; Clegg, 1976) . Impact attenuation, measured by an accelerometer mounted on the missile, was used to indicate surface hardness and was reported as Gmax. Gmax is a unitless number representing the ratio of maximum deceleration of the missile upon impact, in units of gravities (G), relative to the acceleration due to gravity (American Society for Testing Materials, 2000; Henderson et al., 1990) . A single CIST measurement consisted of dropping the missile three times, with the average reported as Gmax. The average of eight Gmax values per subplot was used to represent the surface hardness (Gmax) of each subplot. Surface hardness data were collected before traffic was initially applied (11 Mar. 2008 ) and after traffic treatments were complete (12 May 2008). Volumetric soil moisture content was measured on each plot using a time domain reflectometry (TDR) probe (TDR 300; Spectrum Technologies, East Plainfield, IL), but was not an experimental factor in the study.
STATISTICAL ANALYSIS. Three replications of each cultivar were arranged in a completely randomized design. Plots were split with varying levels of simulated traffic: no traffic and high traffic. Each (10 · 8 ft) whole plot was divided randomly into two (8 · 4.5 ft) subplots, receiving the high traffic or no traffic treatments. Data were analyzed using analysis of variance and a Fisher's least significant difference (LSD) was calculated when the F-ratio was significant at a = 0.05 (SAS 9.1; SAS Institute, Cary, NC). An LSD was not calculated when the F-ratio was not significant. Plots not receiving simulated traffic maintained 100% turfgrass cover for the duration of the experiment; thus, only data from subplots receiving simulated traffic will be presented.
Results and discussion
TURFGRASS COVER. Turfgrass cover (traffic tolerance) varied among seashore paspalum cultivars and between species. 'Sea Isle 2000' plots yielded the lowest turfgrass cover ratings on each rating date. After 72 passes with the CTS (36 simulated football games), turfgrass cover on 'Sea Isle 2000' plots averaged 10.4% compared with 94.9%, 90.0%, 87.9%, and 85.8% for 'Sea Dwarf', 'Salam', 'Sea Isle 1', and 'Tifway', respectively (Table 1 ). This response was also observed after 36, 54, and 90 passes of simulated traffic had been applied (Table 1) . Despite the high vertical growth rate reported by Lee et al. (2004) , data collected in this study suggest that 'Sea Isle 2000' exhibits poor traffic tolerance compared with not only 'Tifway' hybrid bermudagrass, but other seashore paspalum cultivars as well. Few significant differences in traffic tolerance were reported between 'Tifway' and the three other seashore paspalum cultivars evaluated (Salam, Sea Dwarf, and Sea Isle 1). After 36, 54, and 72 passes with the CTS, all cultivars except Sea Isle 2000 had greater than 85% turfgrass cover (Table 1) . After 90 passes with the CTS, 'Salam', 'Sea Dwarf', and 'Sea Isle 1' plots measured higher in turfgrass cover than 'Tifway' (Table 1) .
SHOOT DENSITY. The improved traffic tolerance of these seashore paspalum cultivars compared with 'Tifway' may be related to shoot density. Seashore paspalum cultivars exhibiting superior traffic tolerance, Salam and Sea Dwarf, measured higher in shoot density (before applying simulated traffic) than 'Tifway' (Table 2) . Trenholm et al. (1999) reported a similar relationship between seashore paspalum shoot density and wear tolerance. 'Sea Isle 2000', the cultivar exhibiting the poorest traffic tolerance on each rating date, yielded the lowest shoot density values (123.9 shoots/dm 2 ). It is not clear whether the reduced density of 'Sea Isle 2000' was because plots were established from stolons instead of sod. Kopec et al. (2007) reported 'Sea Isle 2000' shoot density values greater than those in this study; however, plots in the work of Kopec et al. (2007) were maintained at a height of cut seven times lower than that which was used in this study. The data collected herein are preliminary and further research is needed to determine if the reduced shoot density of 'Sea Isle 2000' was due to establishment method or a function of the height of cut.
SURFACE HARDNESS. Significant increases in surface hardness were reported for every cultivar after applying 90 passes with the CTS (Table 3 ). Given that increases in surface hardness have been linked to increases in soil compaction (Clegg, 1976; Rogers et al., 1988) , it is possible that the reported differences in turfgrass cover after trafficking (traffic tolerance) may be related to the ability of these cultivars to grow in compacted soils. For example, after 90 passes with the CTS, 'Sea Isle 1' measured higher in turfgrass cover than 'Tifway' (Table 1) . Shoot density cannot (Minner et al., 1993) . y N = number of observations. x Seashore paspalum. w Hybrid bermudagrass. v LSD (0.05) = Fisher's least significant difference value used to evaluate differences between cultivar means at a = 0.05. , as measured using a TDR-300 probe. v Hybrid bermudagrass. u Seashore paspalum. t LSD (0.05) = Fisher's least significant difference value used to evaluate differences between cultivar means at a = 0.05 before (0 passes) and after simulated traffic applications (90 passes). s LSD time (0.05) = Fisher's least significant difference value used to evaluate differences in surface hardness at a = 0.05 over time.
• April-June 2009 19(2) explain this difference in traffic tolerance, as shoot density means for each cultivar were not statistically different from one another before applying simulated traffic (Table 2) . Huang et al. (1997) reported that 'Sea Isle 1' exhibits a greater vertical growth rate than other warm-season turfgrasses in environments of reduced soil moisture and porosity, which are common traits of compacted soils. It is possible that the superior traffic tolerance of 'Sea Isle 1' (compared with 'Tifway') may be due to its ability to grow in compacted soil conditions. Additional research is needed to determine intraspecific mechanisms of traffic tolerance in seashore paspalum.
Conclusion
Three of the four seashore paspalum cultivars evaluated (Salam, Sea Isle 1, and Sea Dwarf) exhibited traffic tolerance greater than 'Tifway' hybrid bermudagrass. After applying 90 passes (45 simulated professional football games) with the CTS, 'Salam', 'Sea Isle 1', and 'Sea Dwarf' were most tolerant of simulated traffic, 'Sea Isle 2000' was least tolerant of simulated traffic, and 'Tifway' hybrid bermudagrass ranked intermediate. Differences in traffic tolerance may be related to shoot density; 'Salam' and 'Sea Dwarf' (two of the three most traffic-tolerant cultivars) measured highest in shoot density, 'Sea Isle 2000' (the least traffic-tolerant cultivar) measured lowest in shoot density, and 'Sea Isle 1' seashore paspalum and 'Tifway' hybrid bermudagrass ranked intermediate. The improved traffic tolerance of certain seashore paspalum cultivars may also be a function of their ability to grow in compacted soil conditions. These preliminary data suggest that certain seashore paspalum cultivars may be suitable for use on athletic fields in place of 'Tifway' hybrid bermudagrass. Additional traffic tolerance studies will be needed as newer seashore paspalum cultivars are introduced into the marketplace. Including multiple hybrid bermudagrass cultivars in these studies would allow for interspecific comparisons to be made as well.
